Melon (Cucumis melo) is seriously affected by Pseudoperonospora cubensis, the causal agent of cucurbit downy mildew. Within C. melo, several genotypes resistant to P. cubensis have been described; however, we lack detailed experimental studies focused on deciphering variation in this host-pathogen interaction. The response of 115 accessions of C. melo to 8 isolates of P. cubensis was studied under controlled conditions. Pathogen isolates with low, medium and high virulence represented 8 distinct pathotypes. The virulence of isolates expressed by their published pathotypes conformed poorly to their virulence as observed on the C. melo accessions in this experiment. Collectively, 45 different reaction patterns were recorded. Most C. melo accessions (67) were highly susceptible to all isolates. Two accessions of C. melo subsp. agrestis (PI 614174 and PI 614442) were incompletely resistant to all isolates. The reaction of the remaining 46 accessions was race-specific. None of screened C. melo accessions expressed complete resistance to all isolates. Accession PI 315410 from India was resistant to 5 isolates and incompletely resistant to 2 others. The reduced development of at least one P. cubensis isolate was recorded on leaf discs of 17 accessions. Accessions with incomplete resistance to at least one isolate originated most frequently from India, Zimbabwe and Zambia. The study: a) confirmed the race-specificity of interactions between C. melo and P. cubensis, b) revealed C. melo subsp. agrestis as a taxon with potential field resistance to a number of races P. cubensis, and c) showed that within C. melo populations from India and southern Africa there are accessions completely or incompletely resistant to European races of P. cubensis.
Introduction 47
Pseudoperonospora cubensis is widely distributed, especially in warm temperate, 110 subtropical and tropical areas, on cucurbits cultivated both in open fields and under 111 protected conditions, with widespread occurrence in those regions with yearly rainfall of 112 more than 300-350 mm (Lebeda, 1986 (Lebeda, , 1990 . In Europe, its occurrence was limited to 113 the Mediterranean region early in 20 th century, but by the mid 1980s it was spreading fast 114 across most European countries , including Scandianvia (Lebeda, 115 1990 ). Such rapid spread to new regions resulted, in part, from its high degree of 116 adaptation to new environmental conditions (Lebeda and Schwinn, 1994) . 117
Virulence variation in P. cubensis can be represented by pathotypes (Lebeda and 118 Widrlechner, 2003) as determined on a standard, differential set of cucurbitaceous taxa 119 Gadasová, 2002; Lebeda and Widrlechner, 2003) , or by races (Lebeda et al., 120 2006) . While the existence of distinct races of P. cubensis on Cucumis sativus is uncertain 121 (Lebeda and Schwinn, 1994) , and distinct responses to P. cubensis were not observed 122 within 20 wild Cucumis species (Lebeda, 1992 The genetic basis for resistance to P. cubensis is known for a few host species (Lebeda 130 and Widrlechner, 2004). Within C. melo, there is no known genotype resistant to all 131 pathotypes P. cubensis. The accession PI 124111 and line MR-1, derived from this same 132 accession, are often considered to be the most efficient source of resistance to cucurbit 133 downy mildew (Cohen, 1981; Lebeda, 1990) . Major genes for specific resistance in C. Cohen, 1992; Thomas et al., 1988) . Similarly, the resistance of two highly resistant lines 140 derived from this accession, namely MR-1 and PI 124111F, is controlled by the same two 141 loci, which were reported to be inactivated by low temperatures (Balass et al., 1993) . One 142 or two complementary genes (including Pc-4) interacting with Pc-1 or Pc-2 were also 143 reported to control resistance to downy mildew in another Indian accession, PI 124112 144 (Kenigsbuch and Cohen, 1992) . Nine QTL for resistance to P. cubensis were located on a 145 melon map developed from the cross 'Védrantais' × PI 124112. Among them, a major 146 locus, Pc-XII.1, was found in linkage group XII, closely linked to the powdery mildew 147 resistance locus Pm-XII.1, which confers resistance to Podosphaera xanthii races 1, 2 and 148 5 and Golovinomyces cichoracearum race 1 (Perchepied et al., 2005 to control downy mildew resistance in the line 5-4-2-1 (Angelov and Krasteva, 2000) . 152
The downy mildew resistance of 5-4-2-1 is derived from the melon cultivar 'Seminole' 153 which has been used as a resistant partner in numerous crosses (Angelov, 1996) . 154
The cultivar 'Seminole' was developed at the Central Florida Experiment Station 155 Sanford (Florida, USA), where a cantalopue trial was conducted in 1946. In September 156 1947 a volunteer vigorous and quite disease resistant vine was found on a ditchbank near 157 the site of previous trial. Seeds from its fruits were saved and used for repeated 158 selections. One of these selections, 'Sanford 9' was crossed in 1952 with 'Georgia 47', 159 resulting in several lines. The cultivar 'Georgia 47' was released by the Georgia 160 Experiment Station in 1950. This cantaloupe represents a milepost in multiple disease 161 resistance, productivity and quality, but lacked the uniformity and general appearance that 162 is desired. In 1954 the seeds were obtained from open pollinated fruit from one line and in 163 1957 its progenies was designated Florida 57. Late in 1959 it was named 'Seminole' and 164 release was authorized. 'Seminole', a high-yielding, good quality, downy and powdery 165 mildew-resistant cantaloupe, was recommended for the cultivation at home gardendes 166 (Whitner, 1960) . 167 Downy mildew resistance breeding is well developed for C. melo (Pitrat et al., 1996) . 168
First attempts were realised in the 1940s in the USA where four cultivars with a high 169 degree of resistance were developed (Ivanoff, 1944) . A highly resistant cultivar 'Tainan 2' 170 was bred in Taiwan (Lebeda, 1990 ). Accessions C. melo var. reticulatus PI 124111, PI 171 124112, and line MR-1 derived from PI 124111 remain useful sources of resistance; 172 under field conditions of natural infection they develop only small yeallow lesions 1-2 173 mm in diameter (Cohen, 1981; Lebeda, 1990) . Lebeda (1990 Lebeda ( , 1991 demonstrated race-174 specific responses of PI 124111 and MR-1 to P. cubensis under conditions of artificial 175 inoculation. Notably, while whole, detached leaves of MR-1 were resistant to all 176 inoculated isolates, leaf discs developed heterogeneous reactions (Lebeda, 1991) . 177
The phenomenon of field resistance to P. cubensis has been widely studied within C. 178 sativus (Call et al., 2012a (Call et al., , 2012b (Call et al., , 2013 , but also has been examined in C. melo (Cohen, 179 1981; Lebeda and Schwinn, 1994) . Unfortunately, past field studies (More et al., 2002 ; 180 Thomas, 1999) were conducted without precise specification of pathogen virulence. This 181 is problematic because recent studies have clearly shown that: i) P. cubensis exhibits 182 significant variation in its pathogenicity on both the individual and population level 183 (Lebeda et al., 2006) ; and ii) the response of C. melo to P. cubensis is race-specific 184 (Lebeda, 1991 (Lebeda, , 1999 Olomouc, Czech Republic. These isolates represent eight different pathotypes as 237 determined from a standard set of cucurbitaceous taxa, denominated by triple-part tetrade 238 codes following Lebeda and Widrlechner (2003) (Table 2) , with low (isolates 3/00, 6/97 239 and 1/88), medium (isolates 11/00 and 6/96), and high levels of pathogenicity (isolates 240 12/00, 1/97 and 39/01) ( Table 3 their qualitative differences in response to our set of eight P. cubensis isolates (Table 3) . 275
Most C. melo accessions (in total 67) were highly susceptible to all isolates. Two 276 accessions (items 92 and 95) were incompletely resistant to all isolates. The remaining 46 277 accessions developed race-specific response to eight isolates; only three pairs of 278 accessions (items 47+84, 17+89, 10+115) showed identical reaction patterns. 279
Collectively, 45 different reaction patterns to eight isolates P. cubensis were recorded 280 within this set of 115 C. melo accessions (Table 3) . Heterogeneous reactions to one or 281 more isolates were recorded for 32 accessions. About half of these accessions were also 282 incompletely resistant to at least one isolate. None of the screened accessions expressed 283 complete resistance to all isolates. The broadest resistance pattern was observed in 284 accession PI 315410 (item 34), which was completely resistant to five isolates and 285 incompletely resistant to two more (Table 4) . The passport data for these 115 accessions defined five categories of improvement 312 status: breeding material, cultivated material, landrace, wild material, and unknown. In 313 each of those categories, approximately half of the accessions were completely 314 susceptible to all isolates, and heterogenous responses were not clearly associated with 315 any of them (Table 5) . 316
From the perspective of subspecific variation, 110 of these accessions represented C. 317 melo subsp. melo, three were of C. melo subsp. agrestis, and taxonomic status of the two 318 remaining accessions were not specified ( Table 1) The set of 115 accessions in our study can be divided into six main categories based on 325 their countries of origin (Table 4 ). All samples from Central Asia were susceptible to all 326 isolates, as were 12 samples from Europe. The three remaining European samples 327 displayed heterogeneous reactions (Table 4) . A limited spectrum of reaction patterns was 328 recorded on accessions from the Americas, perhaps as a result of our small sample size. 329
But considerably more variation in reaction patterns was observed among accessions from 330 East Asia, with the highest degree of diversity recorded in acessions from Africa and 331 South Asia. Four pairs of accessions developed identical reaction patterns (items 47+84, 332 17+89, 10+115, and 92+95), with only one of them bridging different continents, items 333 47 (Europe) and 84 (Africa) ( Table 4) . 334
As noted earlier, accession PI 315410 displayed resistance to five isolates. It 335 originated in India (Table 1) , in common with a number of other important sources of 336 race-specific resistance to P. cubensis (e.g., PI 124111, PI 124112, PI 180280, and 337 'Smith´s Perfect') reported by Cohen (1981) and Lebeda (1990) . However, in our 338 experiment, PI 124112 (item 5) was susceptible to six isolates (Table 4) . 339
The cultivar 'Smith´s Perfect Seeds' (PI 441988) included to our experiment (item 58) 340 was susceptible to six isolates but presented a heterogeneous response to two others 341 (Table 4) The authenticity of this cultivar in different studies has not been well documented. 346
Incomplete resistance was recorded by interactions involving each of the eight isolates. 347
The phenomenon of incomplete resistance recorded in 30 different accessions (Table 4) (Table 4) . Reduced sporulation and growth 358 on leaf discs to one or two isolates were observed in 12 accessions. One accession from 359 Africa (item 55) and three from India (items 93, 92, 95) displayed such reactions to three, 360 four or even six isolates. Accession PI 315410 (item 34), completely resistant to 5 361 isolates, showed limited sporulation for two others and was susceptible only to isolate 362 12/00, which as noted below was virulent to the fewest accessions of C. melo in our 363 experiment. 364
Virulence of P. cubensis isolates 365 366
The eight P. cubensis isolates in our study represent eight distinct pathotypes (Table 3)  367 with low, medium and high virulence, as classified by Lebeda and Gadasová (2002) and 368 Lebeda and Widrlechner (2003) . In Table 43 , we ordered these isolates based on their 369 increasing virulence on this set of 115 C. melo accessions. However, differences in 370 virulence among them when tested on this set were very limited, and they did not 371 conform to expectations based on their pathotypes (Tables 3, 4) . 372
None of the accessions from Europe, Central Asia, East Asia or Africa was completely 373 or incompletely resistant to isolate 39/01 with the highly virulent "superpathotype" 374 (15.15.15) (Tables 3, 4). Only one accesion from America and seven from India were 375 incompletely resistant to it, and only a single accession, PI 315410 (item 34) was fully 376 resistant. This exceptional accession was also resistant also to the highly virulent isolate 377 1/97 (pathotype 15.10.14), but it was susuceptible to isolate 12/00 (pathotype 11.10.14). 378
Notably, isolate 12/00 was virulent to the fewest accessions of C. melo in our experiment. 379
In contrast, isolate 3/00 with a very weak pathotype was virulent on the largest number of 380
accessions. 381
After the leaf discs were inoculated, we observed different patterns of symptom 382 development among C. melo accessions, which may, in part, reflect variation within the 383 host and the pathogen, but may also be due to external factors. Overall, early symptom 384 development and rapid spread of sporulation across the whole leaf disc surface was a 385 (Lebeda, 1991) . 435
In our recent experiments, the genotype CUM 238/1974 was susceptible to two highly 436 virulent isolates (1/97 -pathotype 15.10.14; 39/01 -pathotype 15.15.15), which were 437 virulent also to all remaining differentials from the genus Cucumis (Tables 2, 3) . 438
However, CUM 238/1974 was resistant to 6 remaining isolates. These results confirm the 439 race-specific resistance in this genotype and also the shift in pathogen virulence between 440 the early epidemic (1985 -1988) in Czechoslovakia (Lebeda, 1991) C. melo accessions has never been studied before so many well characterised isolates 490 (pathotypes) of P. cubensis. The results clearly showed enormous variation in this host-491 pathogen system which is clearly race-specific. This conclusion is also the background for 492 further studies which could be focused on system development for objective 493 Table 3 Characterization of Pseudoperonosporacubensis isolates used in this study on the level of pathotypes (determined and denominated according to Lebeda and Widrlechner (2003) ).
Differential genotypes of Cucurbitaceae (Table 2a Interaction: -differential genotype is resistant (isolate is avirulent) + differential genotype is susceptible (isolate is virulent) Table 4 
